We study the substrate inhomogeneity effect on the wetting of a spin-1/2 Ising ferromagnetic film in an external magnetic field H, using Monte Carlo simulations. It is found the inhomogeneity leads to the formation of islands of positive spins in each layer. However, depending on the values of H, for a fixed surface magnetic field H s , each layer exhibits three different phases; totally wet (TW), nonwet (NW) and partially wet (PW). In the latter case, we show the existence of three distinct configurations namely:
Introduction
Substantial research efforts have been devoted to the fabrication of quantum-dot structures, due to the interesting electronic and optical properties that can result from quantum confinement. Several novel applications for such structures have been envisaged such as the single-electron transistor and intersubband quantum-dot infrared photodetectors. The well studied technique of creating quantum dots is the use of Si deposition on Ge [1, 2] . A significant number of studies have been performed with the aim of understanding the structural and compositional evolution of Ge islands growing. The role played by different growth parameters such as temperature, pressure and others have been studied for different growth techniques.
The evolution of self assembled Ge islands in low pressure chemical vapor deposition of Ge on Si, using high growth rates, has been investigated by atomic force microscopy and Rutherford backscattering spectrometry [3] .
On the other hand, the understanding of the nature and consequences of adsorbate-adsorbate interactions at solid surfaces is of great interest in engineering properties of interfacial materials. Many recent studies show that indirect interactions, mediated by the structure, can be significant enough to influence the formation of nano-structures at surfaces [4] . Indeed, much progress has been made, recently, in understanding adatom-pair interactions mediated by Shockley surface state electrons and the oscillatory interaction decays with adsorbate separation thickness [5] [6] [7] [8] . Monte Carlo Simulations [9] [10] [11] and subsequently derived mean field theories [10, 12] , showed the existence of higher island densities than those expected by standard nucleation theory. It has been shown that several experimental works, e.g. [8, 13, 14, 15] , supports these predictions, such as the deposition of Au on mica substrates at a high temperature [16] [17] [18] [19] [20] [21] [22] [23] .
In most cases, the electrical conductivity and practical utility of discontinuous metal films, have been extensively explored [24, 25, 26] . On the other hand, media that are magnetized perpendicular to the plane of the film, such as ultra thin cobalt films or multi layered structures [27, 28] , are more stable against thermal self-erasure [25, 29] than conventional memory devices. In this context, magneto-optical memories seem particularly promising for ultrahigh-density recording on portable disks. The roughness and mobility of the magnetic domain walls [30, 31] prevents closer packing of the magnetic bits, and therefore presents a challenge to reaching even higher bit densities. Increasing information storage to high densities may evolve through extensions of current magnetic recording technologies. But such increases in storage density might be achieved by using other techniques such as holography, or micro machined nano-cantilever arrays [32] . The bit-writing with local probes may be thermally assisted by a current [33) ] or a laser beam that raises local temperature to the vicinity of the Curie temperature, resulting in the formation of a reversed domain with a rough wall. It has been shown that a strain implemented by a linear defect, in a magnetic thin film [34] , can realize smooth and stable domain walls, that can be implemented without nano-scale patterning. Furthermore, composite materials such as multilayer coatings and isotropic nanocomposite coatings, having structures in the nanometer scale, can even show properties, which can not be obtained by a single coating material alone [35] . The most widely used coatings are T iN, T iC, T iCN, and combination thereof, as well as some coatings with lubrificating properties such as diamond-like carbon.
Monte Carlo simulations are applied to study the equilibrium magnetic domain structure of growing ultra thin ferromagnetic films with a realistic atomic structure [36] . Near the percolation threshold a metastable magnetic domain structure is obtained with an average domain area ranging between the area of individual magnetic islands and the area of the large domains observed for thicker ferromagnetic films. This micro-domain structure is controlled and stabilized by the non-uniform atomic nano-structure of the ultra-thin film, causing a random interaction between magnetic islands with varying sizes and shapes. The investigation of the magnetic domain formation, in nano-structured ultra-thin films, is an active field of current research.
The influence of the atomic morphology on the magnetic properties is known to be especially strong during the initial states of the thin film growth. A small variation of the preparation conditions may considerably change the obtained magnetic structure. This has been shown, by resolving imaging techniques, which allows the investigation of atomic structure as well as the magnetic domain structure of several nanostructured systems [37] [38] [39] [40] [41] [42] .
Our aim in this work is to study the effect of the inhomogeneity of substrate on the wetting transitions of a spin-1/2 Ising film when a surface magnetic field is applied on alternate clusters of the surface. The case of a uniform surface magnetic field has been considered in one of our previous works [43] . The geometry effect under the presence of an edge was subject of our work presented in Ref. [44] .
The paper is organized as follows. In section 2, we describe the model and the method used: 4 Monte Carlo (MC) simulations. In section 3 we present results and discussions.
Model and Monte Carlo simulations
The system we are studying, illustrated by Whereas Hs is absent for the remaining alternate clusters of dimension l n × l n = 8 × 8. These clusters are represented by symbols (o). l p (resp. l n ) denotes The size of alternate clusters , receptively.
The Hamiltonian governing this system is given by
where, S l (l = i, j) = −1, +1 are the spin variables and the interaction between different spins is assumed to be constant. The surface magnetic field Hs i applied on each site i of the surface k = 1, is distributed alternatively, so that:
+H s for all sites i ǫ clusters with symbols (+) 0 for all sites i ǫ clusters with symbols (o).
H is an external magnetic field applied on each layer of the system.
We perform Monte Carlo simulations under the Metropolis algorithm, a preliminary study showed that the relevant calculated quantities did not change appreciably when the film thick- 
Results and discussion
A sketch of the geometry of the system we are studying, is presented in Fig. 1 . The film is formed by N = 4 layers. In order to outline the phenomenon of increasing islands, for negative spins of the surface k = 1, we plot in Fig. 2 , the island size as well as the number of islands of negative spins. Indeed, for Hs = 2.5 a temperature T = 3.5, starting from H = 0 and decreasing the external magnetic field H, two islands occur for H ≈ −0.1, with increasing number of negative spins. For H < −0.15, the number of islands increases rapidly, and mean island size undergoes a local maximum. When decreasing the magnetic field H more and more, 
Conclusion
We have studied the effect of the inhomogeneity of a substrate on the wetting transitions of a spin-1/2 ferromagnetic Ising thin film under the effect of an alternate surface magnetic field H s acting on alternate islands of the surface, using Monte Carlo simulations. In the partial wetting region each layer exhibits three different configurations namely: partial wetting with totally disconnected island (PWTD), partial wetting with partially disconnected islands (PWPD) and partial wetting with totally connected islands (PWTC) On the other hand, we found that increasing the surface magnetic field leads to the disconnection of some connected islands in the (PWPD) region. Furthermore the 3D-islands occur for strong surface magnetic field. Moreover, the distributions of the islands size, in each layer of the film, are also computed. The dependency of the mean island size, and the number of islands of the surface k = 1 for negative spins, as a function of the external magnetic field H for a fixed temperature T = 3.5 and a surface magnetic field value H s = 2.5. 
